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The Aviation Safety Program initiated by NASA in 1997, in response to a call by the
“Gore Commission” on improved aviation safety and security, has put greater emphasis in safety
related research activities. Ice-contaminated-tailplane stall (ICTS) has been identified by the

NASA Lewis Icing Technology Branch as an important activity for aircraft safety related
research.

The ICTS phenomenon is characterized as a sudden, often uncontrollable aircraft nose-
down pitching moment, which occurs due to increased angle-of-attack of the horizontal tailplane
resulting in tailplane stall. Typically, this phenomenon occurs when lowering the flaps during
final approach while operating in or recently departing from icing conditions. Ice formation on
the tailplane leading edge can reduce tailplane angle-of-attack range and cause flow separation
resulting in a significant reduction or complete loss of aircraft pitch control. At least 139
fatalities have resulted from 16 accidents involving primarly turbopropeller powered transport
and commuter category airplanes caused by ICTS.

In 1991, the FAA initiated a comprehensive review of all aspects of tail plane icing and
subsequent tailplane stalling of turbopropeller powered commuter and transport category
airplanes. Results from this review process, as well as input from two recent international
workshops on ICTS, prompted FAA to request NASA assistance in conducting research into the
characteristics of ICTS.

In 1993, FAA and NASA embarked upon a four-year research program to address the
problem of tailplane stall and to quantify the effect of tailplane ice accretion on aircraft
performance and handling characteristics. The goals of this program, which was completed in
March 1998, were to collect aerodynamic data for an aircraft tail with and without ice
contamination and to develop analytical methods for predicting the effects of tailplane ice
contamination. Extensive dry air and icing tunnel tests with a Twin Otter tail and a series of
flight tests with a DeHavilland DHC-6 Twin Otter aircraft were performed. These tests resulted
in a database of the aerodynamic effects associated with tailplane ice contamination for the Twin
Otter aircraft.

Although the FAA/NASA tailplane icing program generated some answers regarding ice-
contaminated-tailplane stall (ICTS) phenomena, NASA researchers have found many open
questions that warrant further investigation into ICTS. In addition, several aircraft manufactures
have expressed interest in a second research program to expand the database to other tail
configurations and to develop experimental and computational methodologies for evaluating the
ICTS phenomenon.

In 1998, the icing branch at NASA Lewis initiated a second multi-phase research
program for tailplane icing (TIP II) to develop test methodologies and tailplane performance and
handling qualities evaluation tools. A grant was awarded to Wichita State University to conduct
and coordinate the research activities with support from the Bombardier/Learjet Company in



Wichita, Kansas. The main objectives of this new NASA/Industry/Academia collaborative
research program were as follows:

1. Define and evaluate a sub-scale wind tunnel test methodology for determining tailplane
performance degradation due to icing.

2. Develop an experimental database of tailplane aerodynamic performance with and without
ice contamination for a range of tailplane configurations. This database will support
verification and development of analysis tools.

To accomplish the above objectives extensive wind tunnel tests were planned with a modern
business jet (Learjet 45) and a twin engine low speed general aviation aircraft. These aircraft
which are representative of general aviation aircraft were selected based on input from NASA
and industry. Availability of high quality sub-scale wind tunnel models for these airplanes was
an important factor in their selection. Use of available wind tunnel models reduced the cost of the
research program significantly. Experiments with a full-scale empennage, a 25% sub-scale
empennage and with a 15% sub-scale complete model of the Lear 45 business jet were planned
to develop the experimental methodology. Selected flight test data for the Lear 45 horizontal tail
were made available by Bombardier/Learjet to validate the experimental results obtained from
wind tunnel tests of the sub-scale and full-scale models.

Tail specific configuration studies were included in TIP II to investigate the effect of
horizontal tail location and to expand the tailplane performance database. The twin engine
general aviation aircraft was selected for this study. This aircraft model has three tail
configurations including a mid-tail, a cruciform tail and a T-tail.

This proposal provides a summary of the research activities performed during the first Year
(July 1, 1998 - November 30, 1998) of this new research program and outlines the work tasks for
the second year (12/1/98 to 11/30/99) of the TIP II program.

Summary of Work for Year 1 (7/1/98 to 11/30/98)

The work tasks originally planned for Year 1 were as follows:

Obtain full scale Lear 45 empennage model and prepare it for testing

. Generate and manufacture simulated ice shapes for testing. Two ice shapes generated with
the NASA Lewis LEWICE code and sand paper ice will be tested along with the clean
(baseline) configuration

3. Conduct tests in a large scale NASA tunnel to obtain, force, moment, hinge moment,

pressure and flow visualization data.

Perform Reynolds number studies with the baseline and *“iced” tail configurations.

Reduce and analyze the wind tunnel results and compare with available flight test data.

Obtain business jet sub-scale empennage and complete airplane models.

Obtain general aviation twin engine model.

Prepare progress report for Year 1.
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These tasks, however, were modified to accommodate wind tunnel schedules at NASA Ames
and at Wichita State University. Large-scale wind tunnel tests for the full-scale Lear 45
empennage originally planned for the fall of 1998 were rescheduled for the spring of 1999
because test time could not be secured in the NASA Ames 40-ft x 80-ft wind tunnel facility
required for the tests. Instead, the 25% sub-scale Lear-45 empennage was selected for testing
during the first year of the TIP II program. The original work tasks given above were replaced
with the new tasks described below:

1. Conduct a computational study using the XFOIL computer code to investigate high and low
Reynolds number characteristics of the LJ-267 airfoil section. The LJ-267 airfoil is the
section for the Lear-45 horizontal tail. This task has been completed.

2. Select ice shapes for the wind tunnel tests of the 25% sub-scale empennage. Ice shapes
selected include a 22.5 minute and 9 minute LEWICE generated shapes, 40, 80, 120 and 180
grit sand paper ice, as well as spoiler type ice shapes. This task has been completed.

3. Conduct Navier-Stokes analyses with the clean and ice contaminated horizontal tail section
for various Reynolds numbers and angles of attack to better understand the flow field
characteristics. The 22.5 minute ice shape was used in these studies. This task has been
completed.

4. Design and construct a new half-span horizontal tail for the 25% sub-scale Lear-45
empennage with pressure taps to obtain surface pressure distributions during the WSU wind
tunnel tests. Pressure taps were incorporated at three spanwise locations. The construction of
the tail was performed by Prototype Technologies, Inc in California. This task has been
completed.

5. Design and construct 22.5 and a 9-minute LEWICE ice shapes for the 25% LEAR-45
horizontal tail model. Incorporate pressure taps into the 22.5-minute ice shape at the 50% and
90% spanwise locations. This task has been completed.

6. Develop a test matrix for the wind tunnel tests at Wichita State University (WSU). This task
has been completed. Details of this test matrix are provided in Table 1. The test matrix was
reviewed by Learjet and NASA personnel.

7. Conduct extensive wind tunnel tests at the WSU 7-ft x 10-ft wind tunnel facility with the
25% sub-scale empennage. These wind tunnel tests will start on September 24, 1998 and will
end on October 16, 1998.

8. Analyze and process the experimental force, moment, hinge moment and pressure
coefficients as well as the flow visualization data obtained during the WSU wind tunnel tests.

9. Develop a test matrix for the NASA Ames wind tunnel tests planned for the spring of 1999.
This task has been completed. Details of the proposed test matrix are provided in Table 2.



10. Participate in a pre-test meeting at the NASA Ames 40ft x 80ft wind tunnel facility to plan
the full-scale Lear-45 empennage tests. This meeting will take place on October 19 and 20 of
1998.

11. Initiate progress report for the work performed during the first Year of TIP II.

Work Tasks for Year 2 (12/1/98 to 11/30/99)

The proposed tasks will provide full-scale data for the business jet aircraft to verify the
sub-scale methodology. Proposed work tasks for year 2 of TIP-II are as follows.

1. Complete progress report of work performed during Year 1

2. Obtain full scale business jet empennage model and prepare it for testing

3. Generate and manufacture simulated ice shapes for testing of the full scale Lear 45
empennage. A 22.5 min ice shape with and without roughness, a 9 min ice shape as well as
40 and 120 grit sand paper ice will be tested along with the clean (baseline) configuration.
The 22.5 and 9 minute shapes were generated with the NASA Lewis LEWICE ice accretion
code.

4. Conduct tests in the 40-ft x 80-ft NASA Ames wind tunnel to obtain, force, moment, hinge
moment, pressure and flow visualization data. Test details are given below.

5. Perform Reynolds number studies with the baseline and “iced” tail configurations.

6. Reduce and analyze the wind tunnel results and correlate with available flight test data as
well as with the sub-scale test results obtained during Year 1.

7. Prepare final report for the work conducted during Year 1 and Year 2.

8. Obtain the Lear 45 15% sub-scale complete airplane model and prepare it for testing. This
airplane will be tested in year 3 of TIP IL

9. Obtain twin engine general aircraft model and prepare it for testing. This is a 1/5 scale model
with three different tail configurations: mid-tail, cruciform tail and T-tail. This model will be
tested during year 3 of the TIP II program.

10. Develop a test matrix for the complete Lear 45 and twin engine general aviation models Isee
items 8 and 9 above).

Wind Tunnel Tests of Lear-45 full-scale empennage at NASA Ames 40'x80' Tunnel Facility

Test variables for the wind tunnel tests of the full-scale empennage include angle of
attack (av), sideslip (B), elevator deflection (8), ice shape, and Reynolds number (Re) as shown in
Table 2. Angle of attack sweeps from 0 to -25 degrees will be performed in increments of 1
degree to resolve the behavior of the force and moment coefficients (26 alphas). Sideslip angles
of 0 to 16° in increments of 1 degree will be considered. Elevator settings of -15°, -10°, 0°,
+10°and +15° will be tested. Two artificial ice shapes will be tested as well as sand paper ice.
The proposed ice shapes will be obtained using the NASA Lewis LEWICE code and will include
a 22.5 minute glaze ice and a 9 minute ice shape. In addition, 40 and 120 grit sandpaper will be
used to simulate roughness effects. Two airspeeds will be used in most of the tests to provide two




Reynolds numbers. One of the Reynolds numbers will be selected to match flight test conditions
for comparing the full scale wind tunnel data with flight test data. The second Reynolds number
will be set to match the 25% Lear-45 sub-scale wind tunnel tests. Limited Reynolds number
studies will also be conducted for selected test configurations. Test measurements will include
force, moment, and hinge moment data. For selected cases, pressure and flow visualization data
will also be obtained. Surface pressure measurements will be conducted with pressure belts.
Flow visualization will be performed with tufts.

Proposed Costs

The proposed budget for Year 2 is given in Table 3. A time period of one year is
requested to complete the tasks described above starting December 1, 1998.

A subcontract will be awarded to the Bombardier/Learjet Company in Wichita to support
the wind tunnel tests during Year 2. In addition, Learjet will provide flight test data for
comparison with the wind tunnel experiments.

NASA Lewis will cover the cost of the full-scale Lear-45 empennage wind tunnel tests at
the NASA Ames 40-ft x 80-ft facility. Note that this cost is not included in the attached budget
(Table 3).

Personnel

Dr. Michael Papadakis (PI) and Mr. David Ellis (Co-PI) will lead the proposed research effort
and they will be assisted by one graduate student and one undergraduate student. In addition, a
subcontract will be awarded to the Learjet Company in Wichita to assist with the wind tunnel
tests.

Dr. Papadakis has had over 18 years experience in experimental and computational
aerodynamics. His experimental research includes water droplet impingement on aircraft
surfaces, single and multi-element airfoil flow field experiments, gurney flap studies, tunnel wall
correction methods, jet flows for STOVL aircraft applications and turbulence measurements on a
McDonnell Douglas airfoil with vortex generators. He has also performed extensive research in
computational aerodynamics. He has developed two-dimensional panel and Navier-Stokes
computer codes and has conducted computational investigations on massively separated flows
about single and multi-element airfoils. During his work at PILATUS aircraft in Switzerland, he
participated in various flight test activities of the PC-7 aircraft.

Mr. David Ellis is Director of Research and development at NIAR. He received a B.S.
degree in Aeronautical Engineering from the University of Colorado and an M.S.E. (aero) degree
from Princeton University. He has had 35 years of experience in flight research, teaching and
airplane design and development. He was directly involved in the icing certification and testing
of the Cessna T303 Crusader aircraft. He also carried out the T303 tailplane icing investigation
program.



Michael Papadakis (PI) - (Short Biographical Sketch)

Current Position:

Associate Professor, Department of Aerospace Engineering, Wichita State University, Wichita, Kansas,

67260-0044 , Tel: (316) 978-5936, Fax: (316) 978-3307, E-Mail: papadaki@twsuvm.uc.twsu.edu

Academic Degrees:

Ph.D. Aeronautical Engineering, Wichita State University, Wichita, KS, 1986

M.S. Aeronautical Engineering, Loughborough University, England, UK, 1981

B.S.  Aeronautical Engineering, Loughborough University, England, UK, 1979

Recent Honors and Awards:

e Bombardier/Learjet Fellow, 1998-2001

e Wichita Section AIAA Best Technical Paper Award, June 1997

e Boeing Fellow, September 1992-1995

e University of Wichita Regent's Award for Excellence in Teaching, Wichita State University, May
1993

e DOW Outstanding Young Faculty Award, ASEE Midwest Section, March 1991

Professional Affiliations:

Member of the American Institute of Aeronautics and Astronautics

Member of the American Society of Engineering Education

Publications

Over 55 articles have been published in refereed journals and conference proceedings. In addition, a

book and a number of contractor reports have been authored. Selected publications related to icing

research are provided below.

Selected Refereed Publications

1. M. Papadakis, M. Seltmann and S. Experimental Study of Simulated Ice Shapes on a NACA 0011

Airfoil,” AIAA Paper 99-0096, ATAA 37th Aerospace Sciences Meeting and Exhibit, Reno, NV, January

11-14, 1999.

2. M. Papadakis, G.T. Vu, EX. Hung, C.S. Bidwell, T. Bencic and M.D. Breer “Progress in Measuring

Water Impingement Characteristics on Aircraft Surfaces” AIAA Paper 98-0488, AIAA 36th Aerospace

Sciences Meeting and Exhibit, Reno, NV, January 12-15, 1998.

3. M. Papadakis, R. Elangovan, G.A. Freund, and M.D. Breer, "Methods for Obtaining and Reducing

Experimental Droplet Impingement Data on Arbitrary Bodies," AI44 Journal of Aircraft, vol. 28,

Number 5, May 1991.

4. M. Papadakis, R. Elangovan, G.A. Freund, and M.D. Breer, "Water Droplet Impingement on Airfoils

and Aircraft Engine Inlets for Icing Analysis," AIAA Journal of Aircraft, vol. 28, Number 3, March 1991.

5. M. Papadakis, M.D. Breer, N.C. Craig, and C.S. Bidwell, "Experimental Water Droplet Impingement

Data on Modern Aircraft Surfaces,” AIAA-91-0445, AIAA 29th Aerospace Science Meeting, Reno,

Nevada, January 7-10, 1991.

6. G.A. Freund, F.M. Dickey, R. Elangovan, M.D. Breer, and M. Papadakis, "An Automated Optical

Instrument for Extracting Water Droplet Impingement Data from Wind Tunnel Experiments," SPIE

81824, SPIE's 31st Annual International Technical Symposium on Optical and Optoelectronic Applied

Science and Engineering, August 16-21, 1987.

7. M. Papadakis, G.A. Freund, R. Elangovan, and M.D. Breer, "Experimental Water Droplet

Impingement Data on Two Dimensional Airfoils, Axisymmetric Inlet and Boeing 737-300 Inlet,” AIAA-

87-0097, Invited Paper, AIAA 25th Aerospace Science Meeting, Reno, Nevada, January 12-15, 1987.

8. M. Papadakis, G.W. Zumwalt, J.J. Kim, R. Elangovan, G.A. Freund, W. Seibel, and M.D., Breer, "An

Experimental Method for Measuring Droplet Impingement Efficiency on Two and Three Dimensional

Bodies," AIAA-86-0406, AIAA 24th Aerospace Science Meeting, Reno, Nevada, January 6-9, 1986.



Dawvid R. Ellis
14505 Willowbend Circle
Wichita, KS 67230
(316) 733-0165

EDUCATION

B.S. Aero. Eng. 1957 University of Colorado
M.S.E. Aero 1962 Princeton University
EMPLOYMENT

Mr. Ellis is presently Director, Research and Development, at the National Institute for Aviation
Research, Wichita State University, where he oversees wind and water tunnels, and structures, materials,
impact dynamics, flight simulation, propulsion, icing, and cryogenics laboratories.

Industry positions have included that of V.P. of Engineering at Commander Aircraft and Manager of
Advanced Design and Systems Research at Cessna Aircraft; in the latter post he was in charge of design
and development of the Model T303 Crusader and the Model 208 Caravan, and directed major research
programs in laminar flow wing technology, electro-impulse de-icing systems, and advanced general
aviation engines.

He has been an Associate Professor of Aerospace Engineering at the University of Kansas and an
Adjunct Associate Professor of Aerospace Engineering at Wichita State University. As Manager of
Flight Dynamics Research at Princeton University, he led the development and use of variable stability
in-flight simulators for flying qualities research.

He worked as an aerodynamicist in two different full-scale wind tunnels at NACA and NASA, and has
consulted extensively in the areas of airplane design, flying qualities, and ice protection.

OTHER ACTIVITIES

Mr. Ellis served on NASA’s Aeronautical Research and Technology Subcommittee and on NASA Ad
Hoc Committees on general aviation, flight research, and advanced materials. He has served in the past
on Congressional, National Academy of Science, and Department of Energy advisory committees.

He has served on the General Aviation Manufacturers Association Technical Policy Committee, and
currently represents GAMA on international committees dealing with harmonization of U.S. and

European airworthiness regulations and with aging commuter aircraft.

Mr. Ellis is an Associate Fellow of AIAA and past chairman of the AIAA General Aviation Systems
Technical Committee. He is a participant in SAE aeronautical activities.

He is a former flight instructor and research pilot.



Table 1 - Test Matrix for 25% sub-scale Lear-45 empennage tests at WSU

Test Facility: WSU 7-ft x 10-ft Wind Tunnel

Test Dates: September 24 to October 17, 1998

Experimental Data: Force, moment, hinge moment and pressure coefficients

Number of Test Runs: 242

Simulated Ice Shapes for Horizontal Tail

e [.22: Lewice 22.5 minute ice shape with smooth surface scaled to model size (scale = 1/4)

e L22B: Lewice 22.5 minute ice shape with beads; scaled to model size (scale = 1/4). Simulate beads with 24

grit

L9B: Lewice 9 minute ice shape with beads; scaled to model size (scale = 1/4). Simulate beads with 24 grit

S40: 40 grit sandpaper. Cover surface as shown in Fig. 1

S40-10: 40 grit sandpaper. Cover surface from 10% chord on lower surface to 10% chord on upper surface

S80: 80 grit sandpaper. Cover surface as shown in Fig. 1

S120: 120 grit sandpaper. Cover surface as shown in Fig. 1

S180: 180 grit sandpaper. Cover surface as shown in Fig. 1

S180-10: 180 grit sandpaper. Cover surface from 10% chord on lower surface to 10% chord on upper surface

SP47C: Spoiler - 4. 7mm Constant height. Place at 2% chord on tail lower surface (4.7mm,

4.7/312.7375=0.015MAC)

e  SP47V: Spoiler - 4.7mm Variable height (h) but constant (h/local c). Place at 2% chord on tail lower surface
(4.7mm, 4.7/312.7375=0.01SMAC)

e SP94C: Spoiler - 9.4mm Constant height. Place at 2% chord on tail lower surface (9.4mm, 9.4/312.7375=.03
MAC)

e SP94V: Spoiler - 9.4mm Variable height (h) but constant (W/local c). Place at 2% chord on tail lower surface
(9.4mm, 9.4/312.7375=.03 MAC)

Tail Root Chord = 16.35 in, Tail Tip Chord = 7.04 in, Tail Span=51.56 in, MAC = 12.31 in (312.74mm),
Tail Area = 603.135 sq in, 4.189sq ft

Horizontal Tail Setting = -9 degrees

Alpha Sweep (body): +9 ro -16 in 1 deg. increments (26 alphas) (note: alpha range for tail = 0 to -25)
Beta Sweep: -16 to 16 in 2 deg. increments (17 betas)

Tunnel Q = 50 psf, 121.4 kts, 139.8 mph, 205f/s, 62.5 m/s, Re=1,300,000/1t

Tunnel Q = 15 psf, 66.5 kts, 76.6 mph, 112.3f/s, 34.2 m/s, Re=710,000/ft

Tunnel Q = 5 psf, 38.4 kts, 44.2 mph, 64.84f/s, 19.8 m/s, Re=410,000/ft

Transition strips for horizontal and vertical tail: Boundary Layer transition dots (Boeing Cylinders).
Location of transition strips : At 10% chord upper and lower surface. Size: 0.007 inches

Boundary Layer Profile Measurements will be conducted for selected test configurations with a boundary
layer mouse located at 65% MAC. The velocity profiles will be used to compare boundary layer
behavior due to the ice shapes and sandpapers.



Test Q Ice Shape Surface Elevator Sweep Data

# psf Deflection Points
1 50 none (clean) NA 0 alpha, beta=-16,0,16 104
2 15 none (clean) NA 0 alpha, beta=-16,0,16 104
3 5 none (clean) NA 0 alpha, beta=-16,0,16 104
4 50 none (clean) NA 0 Beta, alpha=+9,-6,-16 51
5 15 none (clean) NA 0 Beta, alpha=+9,-6,-16 51
6 50 none (clean) NA 15 alpha, beta=-16,0,16 104
7 15 none (clean) NA 15 alpha, beta=-16,0,16 104
8 5 none (clean) NA 15 alpha, beta=-16,0,16 104
9 50 none (clean) NA -15,-10,10 alpha 78
10 15 none (clean) NA -15,-10,10 alpha 78
11 50 L22B NA 0 alpha, beta=-16,0,16 104
12 15 L228 NA 0 alpha, beta=-16,0,16 104
13 5 L22B NA 0 alpha, beta=-16,0,16 104
14 50 L22B NA 0 Beta, alpha=+9,-6,-16 51
15 15 L22B NA 0 Beta, alpha=+9,-6,-16 51
16 50 L22B NA 15 alpha, beta=-16,0,16 104
17 15 L22B NA 15 alpha, beta=-16,0,16 104
18 5 L22B NA 15 alpha, beta=-16,0,16 104
19 50 L22B NA -15,-10,10 alpha 78
20 15 L22B NA -15,-10,10 alpha 78
21 50 L22 NA 0 alpha, beta=-16,0,16 104
22 15 L22 NA 0 alpha, beta=-16,0,16 104
23 5 L22 NA 0 alpha 26
24 50 L22 NA 15 alpha, beta=-16,0,16 104
25 15 122 NA 15 alpha, beta=-16,0,16 104
26 5 L22 NA 15 alpha 26
27 50 L22 NA -15,-10,10 alpha 78
28 15 L22 NA -15,-10,10 alpha 78
29 50 S40 NA 0 alpha, beta=-16,0,16 104
30 15 S40 ‘NA 0 alpha, beta=-16,0,16 104
31 5 S40 NA 0 alpha 26
32 50 5S40 NA 0 Beta, alpha=+9,-6,-16 51
33 15 S40 NA 0 Beta, alpha=+9,-6,-16 51
34 50 S40 NA 15 alpha, beta=-16,0,16 104
35 15 S40 NA 15 alpha, beta=-16,0,16 104
36 5 S40 NA 15 alpha 26
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37 50 S40 NA -15,-10,10 alpha 78
38 15 S40 NA -15,-10,10 alpha 78
39 50 S120 NA 0 alpha, beta=-16,0,16 104
40 15 S120 NA 0 alpha, beta=-16,0,16 104
41 5 S120 NA 0 alpha 26
42 50 S120 NA 0 Beta, alpha=+9,-6,-16 51

43 15 S120 NA 0 Beta, alpha=+9,-6,-16 51

44 50 S120 NA 15 alpha, beta=-16,0,16 104
45 15 $120 NA 15 alpha, beta=-16,0,16 104
46 5 $120 NA 15 alpha 26

47 50 S120 NA -15,-10,10 alpha 78

48 15 S120 NA -15,-10,10 alpha 78
49 50 L9B NA 0 alpha, beta=-16,0,16 104
50 15 L9B NA 0 alpha, beta=-16,0,16 104
51 5 L9B NA 0 alpha 26
52 50 L9B NA 0 Beta, alpha=+9,-6,-16 51

53 15 L9B NA 0 Beta, alpha=+9,-6,-16 51

54 50 L9B NA 15 alpha, beta=-16,0,16 104
55 15 L9B NA 15 alpha, beta=-16,0,16 104
56 5 L9B NA 15 alpha 26

57 50 L9B NA -15,-10,10 alpha 78
58 15 L9B NA -15,-10,10 alpha 78

59 50 S80 NA 0 alpha, beta=-16,0,16 104
60 15 S80 NA 0 alpha, beta=-16,0,16 104
61 50 S80 NA 15 alpha, beta=-16,0,16 104
62 15 S80 NA 15 alpha, beta=-16,0,16 104
63 50 S180 NA 0 alpha, beta=-16,0,16 104
64 15 S180 NA 0 alpha, beta=-16,0,16 104
65 5 S180 NA 0 alpha, beta=-16,0,16 104
66 50 S40-10 NA 0 alpha, beta=-16,0,16 104
67 15 S40-10 NA 0 alpha, beta=-16,0,16 104
68 5 $40-10 NA 0 alpha, beta=-16,0,16 104
69 50 $180-10 NA 0 alpha, beta=-16,0,16 104
70 15 S$180-10 NA 0 alpha, beta=-16,0,16 104
71 5 $180-10 NA 0 alpha, beta=-16,0,16 104
72 50 SP47C Lifting (lower) 0 alpha, beta=-16,0,16 104
73 15 SP47C Lifting (lower) 0 alpha, beta=-16,0,16 104
74 50 SP47C Lifting (lower) 15 alpha, beta=0 26
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75 15 SP47C Lifting (lower) 15 alpha, beta=0 26
76 50 SP47v Lifting (lower) 0 alpha, beta=-16,0,16 104
77 15 SP47V Lifting (lower) 0 alpha, beta=-16,0,16 104
78 50 SP47V Lifting (lower) 15 alpha, beta=0 26
79 15 SP47V Lifting (lower) 15 alpha, beta=0 26
80 50 SPg4C Lifting (lower) 0 alpha, beta=-16,0,16 104
81 15 SP94C Lifting (lower) 0 alpha, beta=-16,0,16 104
82 50 SP94C Lifting (lower) 15 alpha, beta=0 26
83 15 SP94C Lifting (lower) 15 alpha, beta=0 26
84 50 SP94V Lifting (lower) 0 alpha, beta=-16,0,16 104
85 15 SP94V Lifting (lower) 0 alpha, beta=-16,0,16 104
86 50 SP94vV Lifting (lower) 15 alpha, beta=0 26
87 15 SP94V Lifting (lower) 15 alpha, beta=0 26
FLOW VISUALIZATION (Micro tufts)
88 50 none (clean) NA 0 aipha, beta=0,-16 52
89 15 none (clean) NA 0 alpha, beta=0,-16 52
90 50 none (clean) NA 15 alpha, beta=0,-16 52
91 15 none (clean) NA 15 alpha, beta=0,-16 52
92 50 L22B NA 0 alpha, beta=0,-16 52
93 15 L22B NA 0 alpha, beta=0,-16 52
94 50 L228 NA 15 alpha, beta=0,-16 52
95 15 L22B NA 15 alpha, beta=0,-16 52
96 50 L22 NA 0 alpha, beta=0,-16 52
97 15 L22 NA 0 alpha, beta=0,-16 52
98 5 L22 NA 0 alpha, beta=0,-16 52
99 50 S40 NA 0 alpha, beta=0,-16 52
100 15 S40 NA 0 alpha, beta=0,-16 52
101 50 S40 NA 15 alpha, beta=0,-16 52
102 15 S40 NA 15 alpha, beta=0,-16 52
103 50 5180 NA 0 alpha, beta=0,-16 52
104 15 S180 NA 0 alpha, beta=0,-16 52
105 50 S180 NA 15 alpha, beta=0,-16 52
106 15 S180 NA 15 alpha, beta=0,-16 52
107 50 SP47C Lifting (lower) 0 alpha, beta=0,-16 52
108 50 SP47Vv Lifting (lower) 0 alpha, beta=0,-16 52
109 50 SP94C Lifting (lower) 0 alpha, beta=0,-16 52
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110 50 SP94V Lifting (lower) 0 alpha, beta=0,-16 52
Boundary Layer Profile Measurements at 65% MAC ( Select Cases from tests 1-87)
REMOVE HORIZONTAL TAI{L

111 50 none (clean) NA 0 alpha, beta=-16,0,16 104
112 15 none (clean) NA 0 alpha, beta=-16,0,16 104
113 50 none (clean) NA 0 Beta, alpha=+9,-6,-16 48
114 15 none (clean) NA 0 Beta, alpha=+9,-6,-16 48
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Figure 1: Sand paper coverage for upper and lower surfaces of Lear-45 horizontal tail
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Table 2 - Test Matrix for full-scale Lear-45 Empennage Tests at NASA Ames 40-ft x 80-ft Tunnel

Note: a, sweep=(0,-2,-4,-6,-7,-8,-9,-10,-11,-12,-13,-14,-15,-16,-17,-18,-19,-20,-21,-22,-23,-24,-25] - 23 alphas
b sweep={0 to 16 deg in 1 deg increments] - 17 angles of sideslip

MAC =1.25 meters

Set horizontal tail incidence to -9 deg with respect to fuselage axis

Test Type Ice Shape dE Re No. Ma Vel alpha beta RU

N

(knots) (deg) (deg) #

Flow Angularity clean 0 5,102,227 0.18 116 a sweep 0 1
2

Flow Angu

filie Sy

larity clean 0 5,102,227 0.18 116 0 b sweep

Alpha Sweep clean 15 1,337,135  0.05 304 a sweep

i a

- 5

i i
Alpha Sweep clean 0 1,337,135 0.05 304 a sweep 0 8
Alpha Sweep clean -10 1,337,135 0.05 30.4 a sweep 0 9
Alpha Sweep clean -15 1,337,135 0.05 30.4 a sweep 0 10
Alpha Sweep clean 10 1,337,135  0.05 304 a sweep 0 11

0 12

N -

i

i

s

=y

EeH LR G =5 f PRES BL0 2T
Alpha Sweep 22.5 min w/beads a sweep

1,337,135
Alpha Sweep 22.5 min w/beads -10 1,337,135 0.05 30.4 a sweep 19
Alpha Sweep 22.5 min w/beads -15 1,337,135 0.05 30.4 a sweep 20
Alpha Sweep 22.5 min w/beads 10 1,337,135 0.05 304 a sweep 21

Alpha Sweep 22.5 min w/beads 15 1,337,135 0.05 304 a sweep
A ) TN { 3 Serdlg, 2o : IIAETY vz P

KAURY \‘5”;"»"!?,‘.1,{,”)

AN 1y O f1 Ceiainyies Teidl
1,337,135

Alpha Sweep 40 grit san a sweep

dpaper
Alpha Sweep 40 grit sandpaper -10 1,337,135 0.05 304 a sweep 29
Alpha Sweep 40 grit sandpaper  -15 1,337,135  0.05 304 a sweep 30
Alpha Sweep 40 grit sandpaper 10 1,337,135 0.05 304 a sweep 31
Alpha Sweep 40 grit sandpaper 15 1,337,135 0.05 304 a sweep 32

A BRI AT v

. Wi

Alpha Sweep 120 grit sandpaper 1,337,135 a sweep
Alpha Sweep 120 grit sandpaper -10 1,337,135 0.05 30.4 a sweep

o o NPEPNIEN - o o © OSHNESETENS © © © © ©
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Alpha Sweep 22 5 min no beads 15 1,337 135 0.05 304 a sweep

Alpha Sweep 120 grit sandpaper -15 1,337,135 0.05 304 a sweep 0 40

Alpha Sweep 120 grit sandpaper 10 1,337,135 0.05 304 a sweep 0 41

Alpha Sweep 120 grlt sandpaper 15 1,337,135 0.05 30.4 a sweep 0 42

. NI Do e g : PSR : o PPN P 1 7

4

Alpha Sweep 22 5 min no beads 1,337,135 a sweep 0

Alpha Sweep 22.5 min no beads 10 1,337,135 0.05 304 a sweep 0 47
0

X A AR KO XXAR R AN A e S ARV 44 ) e "t
Alpha Sweep 22.5 min from IRT 0 1,337,135  0.05 304 a sweep
Alpha Sweep 22,5 min from IRT 15 1,337,135 0.05 304 a sweep

Alpha Sweep 2 min from IRT 1,337 135 a sweep
Alpha Sweep 2 min from IRT 15 1,337 135 0.05 304 a sweep

10% local ¢ coverage

g ] 4 Sl il BRIt 10% local ¢ coverage

Alpha Sweep 120 grit sandpaper 1,337,135 a sweep 10% local ¢ coverage

Alpha Sweep 120 grit sandpaper 15 1,337,135 0.05 30.4 a sweep 0 60 10% local c coverage

e gt JAE { s T BRI o1 10% local c coverage

3 3 v 10% local ¢ coverage

Alpha Sweep 40 grit sandpaper 1,337,135 a sweep 0 10% local ¢ coverage

Alpha Sweep 40 grit sandpaper 15 1,337, 135 0.05 304 a sweep 0 64 10% local c coverage
- el i ae G

!

Alpha Sweep 9 min w/beads 1 337 135 . . a sweep 0
Alpha Sweep 9 min w/beads 10 1,337,135 0.05 304 a sweep 0 69
Alpha Sweep 9 min w/beads 15 1 337 135 0.05 304 a sweep 0

|

!

|

J

2,199,236 . a sweep
Alpha Sweep 40 grit sandpaper 3,078,930 0.11 70 a sweep
Alpha Sweep 40 grit sandpaper 4,046,594 0.14 92 a sweep

s !
40 grit sandpaper 0 0
0 0
0 0
Alpha Sweep 40 grit sandpaper 0 6,157,860 0.21 140 a sweep 0 80
0 0
0 0
t !
!

Alpha Sweep

Alpha Sweep 40 grit sandpaper 7,037,554 0.24 160 a sweep
Alpha Sweep 40 grit sandpaper 7,917,249  0.27 180 a sweep

Y TH TN WS R LR R URTIC A (AN
ECIE RO
LI

TR IEE S CES

T IR RS
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Alpha Sweep 22.5 min from IRT

Alpha Sweep  22.5 min from IRT

Alpha Sweep  22.5 min from IRT

Alpha Sweep  22.5 min from IRT

Alpha Sweep  22.5 min from IRT

Alpha Sweep  22.5 min from IRT
IS IniGaskten ) i 4

2,199,236 0.08 50 a sweep 0
3,078,930 0.11 70 a sweep 0
4,046,594 0.14 92 a sweep 0
6,157,860 0.21 140 4 sweep 0 92
7,037,554 0.24 160 a sweep 0
7,917,249 0.27 180 a sweep 0

s
LIRS () SR

T
dfitie
. 'I‘Jj““ i

BILHE

‘ Alpha Sweep 120 grit sandpaper 0 2,199,236  0.08 50 a sweep 0
Alpha Sweep 120 grit sandpaper 0 3,078,930 0.11 70 a sweep 0
Alpha Sweep 120 grit sandpaper 0 4,046,594 0.14 92 a sweep 0 103
Alpha Sweep 120 grit sandpaper 0 6,157,860 0.21 140 a sweep 0
Alpha Sweep 120 grit sandpaper 0 7,037,554 0.24 160 a sweep 0
Alpha 0 7,917,249  0.27 180 a sweep 0

Sweep 120 grit sandpaper

den

22.5 min w/beads

]
0 5,102,227 0
22.5 min w/beads 0 1,337,135 304 0 b sweep 110
A1 g Jnane i Salpam 5 it S
AU EIRS AN U AHER d & !
120 grit sandpaper 0 1,337,135 0
Beta Sweep 120 grit sandpaper 0 1,337,135 0.05 304 0 b sweep 114
Flow Visualization clean 0 5,102,227 0.18 116 a sweep 0 115

Flow Visualization clean 0 5,102,227 0.18 116 0 b sweep 116
B N N fl S M i < Y N ‘

IOV AN Z AN LB SR (e CA (S (R ( :

Flow Visualization 40 grit sandpaper 5,102,227

Flow Visualization 40 grit sandpaper 0 5,102,227 0.18 116 0 b sweep 120
TOtCEeLClitenatieCE co Tl : ¥

Test measurements: Force, Momemt, Hinge Moment and Pressure Coefficients. In addition, boundary layer measurements will
be conducet for selected test cases with a boundary layer mouse located at 65% MAC.
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CERTIFICATIONS REGAADING LOBBYING; DEB
WORKPLACE REQUIREMENTS

Applicarts shouid relar to the reguiations
review the Instructions lor centiiication lncluded in the regulations
with cartiiicalion requirements under 34 CFR Parl 82, "New Resut

Suspension (Norgrocurement) and Govemment-Wide Raquirements tor Orug-Free Workplace (Grants).
which rellance il be placed whan the Department of Educalion delermines lo award the coverad

malerial representation ol lact upon
transaction, grart, of cooperalive agresment.

Certifications
Appendix E

ARMENT, SUSPENSION AND OTHER AESPONSIBILITY MATTERS; ANO DRUG-FREE

cted balow lo delermine the certlitication to which they ars required to afest. Applicards shauld also
belore completing Lhis form.  Signature of this lom providas lor compitance
cions on Lobbylng,” and 34 CFR Pan 8S, ‘Govemnmem-Wice Debarment and

* The certik:allons shal ba trealed as a

1. LOBBYING

As requlred by Section 1352, Thia 31 of the U.S. Code, and
lmpternented at 34 CFR Part 82, lor persons srtaring Nto a ntoc
cooperative agreament over $100,000, as defined at 34 CFR Part
g2, Sectlons 82.105, and 82.110, he appikant certliles that:
(a) No Federal approprated tunds have pean paki or will ba pakd,
by or on bahalt ol the undersigned, lo any tor lntlvencing of
atempting to Infivence an ofticer or employse of any agency, a
Mamber ol Congrass, an officer or amployes of Congrass, ofr an
employes of a Member of Congress In onnectian with the maxing
of any Federal grant, the emtering Into of any cooperallve
agreement, and the axtension, conlinuaion, renawal, amendment,
of modXication of any Federal grart or cooperalive agreemant;
() It any tunds other than Federal appropdaled tunds have been
or wik be ﬁ:;’ to any persan for irfivendng aof artemating to
Wwence an o r or employee of any agency. 2 Membar of
_moﬂbﬂormbymol@w,amm”dn
Mamber ol Congress In connection with tnks Fedaral grast of
cooperaltve agreemerd, the undersigned shall complete and
submit Stancard Form - LLL, Oksclosure Form to Aeport Loboying,”
In accordance with its krstructions;
{c) The undarsigned shali require thal the language of this
cartification be Included In the award decumants fof all suwbaward
al all llers (ncluding subgrants, comracts under granls and
cooperallve agreemants, and subcomracts) and that all
subreciplerks shall certity and disciose accordingly.

2. DEBARMENT, SUSPENSION, AND OTHER RESPONSIBILITY
MATTERS

As required by Execullve Order 12549, Debarment and
S nskon, and rplementad at 34 CFR Part 85, fof prospective
P%ﬂﬂ: mn pﬂmarxv coverad lransactions, as ceflned a 34 CFR
Part 85, Sections 85.105 and 85.100 —

A. The applicant cartities that it and its princpals:

(a) Ars nol presently dedarred, suspanded, proposed for
debarment, dectared Ineilgidia, or voluntarly axcluded from
coversd transactions by any Federal department of 2Qency.

(b) Have not within a three-ysar pariod preceding lnmlcat}on
peen comdcted of or had a civil judgment rendeced tham
lor commission of traud or a criminal offenss in connection with
oblaining, altempling to cbtain, or perorming a public (Fadaral,
Stata, or local) transactlon or cortract under a public lransaction;
violation of Federal or State amitrust stalutes or commlssion of
embezziement, thefl, forgery, brivery, laksitication of gestruction of
records, making fakse slalements, or recaiving stoten property;

{c) Ars nat pressntly ndicted lor or olberwiss criminally of eMi
charged by a govemmantal anthy (Federal, Stale, of ) wit
commission of any of the oftensas anumearated in paragraph (1)®)
of this certiication; and

(d) Have not whhin a thres-year period prsceding this application
had one or morS public lransactions (Fsceral, Stale, of local)
terminated lor cause or delaul; and

B. Where the applicart ts unable lo cartty to any ol the
stalsments In this cerilticalion, he or she shall attach an

explanation o this appilcation.

3. DRUGFREE WORXPLACE
GRANTEES OTHER THAN INDIVIDUALS

3 requirad dy the Drug-Free Wortp?aca At ol 1988, and

tmplemnented at 34 CFR Part 85, Subpart F, lor graniees, &5 catined
at 34 CFR Part 85, Sections 85.605 and 85.610 —

A_The appilcam certifles thal 1 will or will cortinue lo provide a
drug-tree worplace by:

(a) Pubilshing a Stalement. nolltying empioyees thal Ibe uniawlul
manutacture, distrbutlon, d nsing. possassion, of us@ of a
controlled substance ks prohibhed (n the grantea's workplace and
SE:dMng the adllons that whi be taken against amploysss lof
viciallon of such prontbiton;

(b) Estabilshing an on-goir drug-tres awareness program 1o Inform
empioyeas about—
i1fnwdmxnmolaugmmsah1Nawmwua;

2) The grartee’s po¥cy of maintaining a crug-iree workplacs,

(3) Any avallable drug counseling. rehablitatien, and employes
assistance programs; and

(4) The penalties that may be Imposed upon employees tor drug
abuse violallons ocauring in the workpiace;

({c) MaXxing 1 a requirement thal each empioysa 1o be angaged (n
the performance of the grant be given a copy of the statemant
required by paragraph (a),

idg Natiying the amployae in the statement required by paragraph
a) that, as a condnz:n ol employment under the grant, the
amployes wik-—-

1) Ablde by Ihe tarms of the statemert: and

2) Notity ihe employer In wrtting of Nis or har conviction for a’

viclatlon of a ciminal orug statute occuming in the workpiace na
Jater than Iive calandar cays afler such convicilon;

(e) Noiltylng the agency. in wriing. within 10 calendar days after
recalving notlica under subpasagraph (d){2) Irom an smplayes of
otharwise receiving actual notcs of such convictlon. Empioyers
ol convicted amployees musi provide notica, induding position
mie, to: Director, Grants and Conmuads Servica, U.S. Depanment
ol Educalion, 400 Marytand Avenuse, S.W.(Room 3124, GSA
Reglonal Office, Buliding No. 3). Washington, OC 202024571,
Noiice shall incude the identitication numbers(s) ot sach aftected

L

g)ipl’a)dng ona of the lollawing actions, whithin 30 catendar days of
recalving nolica under subparagraph (d)(2). with respect to any
employee wha b so comvkied
mT :.poﬂyxtate personnel action agalnst such an amplayee,
3: to and Incduding tarmination, consistert with the requirements

he Rehablitadlon Act of 1973, as amended; or
(2) Requirng such smplayses (o aricipate satistactodly i a drug
abuse asststance or rehabillation pregram approved for such
purposas by a Federal, Stale, of local heahh, law enlorcemant, of
other appropriale agency.
(g) Maxing a good !ath eftort to coninue to maintaln a drug-tree
worglace through lmplementation of paragrapiss (a), (D). {c). (a).
a), and {T). -
g. The gramee may Insert n he space provided balaw the sites(s)
tor the performancs of work done in conpection with the spedtic

gran(: .
tace ol Pertormanca (Stresl address, chty, county, stale, p
code)

1845 Fairmount
Wichita, KS 67260

Check { ) if thera are workplacas on iile that are not identiled
hera.

Sedgwick County

DRUG-FREE WORKPLACE

(granteas who are indtviduals)

As required by the Drug-Free Workplace Act of 1988, and
od af 34 CFR Part 85, Suopant £, lor grantees, as datlned

at 34 CFR Parl 85, Sectlons 85.605 and 85.610 —

A. As a concttion of the gzﬁ,lceﬂlylhallwl!no(enfoemme

uniawiul manutacturs, distrbuton, dispensing, pOssassion, of Use

ol a controdbed substanca ln conduaing any activiy with tha grant;

and

B. ¥ comvicted of a ariminal drug offense resulting trom a violation

occurming curing Ihe conduct of any grant aciivity, 1 wilt report the

conviction, In wrting, wihin 10 calendar day3 of the conviction, 104

Director, Grants and Contracts Sarvica, U.S. Oepartmant of

Educallon, 400 Maryland Avanue, s.w. (Room 3124, QSA

Regional Oftica Buliding No. 3). Wwashington, DC 202024571,

Nolice shail.include the kentificalion mumber(s) ol sach affected

prant. -
As the duty authorized represemalive of the appiicand, | beredy
cedity that the appiicant will comply with {ha above certiticalions.

NAME OF APPUCANT:

Wichita S i i

PR/AWARD NUMBER ANO/OR PROJECT NAME
Tailplane Icing Program — Phase II

Gerald D. Loperi, Assoc, VP _for Research

PRINTED NAME AND TITLE OF AUTHORIZED

REPRESENTATIVE

Signature
DATE 7 /14 /‘? e 7
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E-1



